A new bis-quaternary ammonium compound (bis-QAC), 4,4'-(tetramethylenedicarbonyldiamino)bis(1-decylpyridinium bromide) (D-136) was synthesized, and its antimicrobial and deodorant characteristics were studied. A vinyl chloride polymer sheet containing D-136 (D-136 sheet) was prepared for practical use because D-136 exhibited a wide and effective antimicrobial spectrum of activity against both bacteria and fungi. The antibacterial and antifungal efficiency of the D-136 sheet was estimated according to the film covering method and the test for fungus resistance. Results showed that the growth of both bacteria and fungi was inhibited on the D-136 sheet. Furthermore, a model test for the deodorant efficiency of water-absorbing resins (SAP) containing D-136 (D-136 SAP) was done on the assumption that it might be applied for use in disposable diapers. To prevent the offensive odor arising from excreted urine in disposable diapers, it is necessary to inhibit the propagation of ureahydrolyzing bacteria in the water-absorbing layer. The microbe used for the experiment was Proteus mirabilis IFO 3849 which produces an enzyme (urease) capable of degrading urea and other compounds present in human urine to ammonia, methylamine and the like. As for the result of the model test, the generation of ammonia from human urine was inhibited on D-136 SAP.
INTRODUCTION
Since Domagk (1935) reported the antibacterial activity of the quaternary ammonium compounds (QACs) , they have been used widely in the food and textile fields, and in hospitals, or for domestic use. Recently, we reported on the syntheses of novel bisQACs, their antimicrobial characteristics and bactericidal action (Maeda et al., 1998 (Maeda et al., , 1999a (Maeda et al., , and 1999b Okazaki et al., 1997c ; Yoshida et al., 2000) . It is known that most of the mono-QACs which are very effective as bactericides have a comparatively low antifungal activity. Meanwhile the novel bis-QACs showed a wide and effective antimicrobial spectrum of activity against both bacteria and fungi, and were more effective than typical bactericides, cetylpyridinium chloride (CPC) and benzyldimethyldodecylammonium chloride (BAC), or the popularly-used fungicides, 2-(4-thiazolyl) benzimidazole (TBZ) and 1,2-benzisothiazol-3-one (BIT). Furthermore, the bactericidal activity of the novel bis-QACs was comparatively uninfluenced by environmental conditions such as pH or temperature.
None of the disposable diapers now appearing on the market has sufficient deodorant capacity to eliminate the odor of urinary excretion. Generally, the odor of urine excreted by babies is not very strong. However, adults, particularly those requiring diapers, are in many cases and undergoing drug administration. Moreover, they are frequently in an unhygienic condition owing to inadequate care. For these reasons, their urine tends to emit an offensive odor. Accordingly, there is an increasing need for disposable diapers with excellent deodorant properties. As to the cause of the offensive odor, it is considered that urea and other compounds present in urine are degraded to ammonia, methylamine and other compounds, which are responsible for the offensive odor, by urea-hydrolyzing enzymes and other enzymes produced by human microflora. In order to prevent the offensive odor arising from the excreted urine in the disposable diaper, it is necessary to inhibit the propagation of the causative bacteria in the waterabsorbing layer of the diaper.
In this paper, we will present the synthesis of a new bis-QAC, 4,4'-(tetramethylenedicarbonyldiamino) bis (1-decylpyridinium bromide) (D-136) and describe its antimicrobial and deodorant characteristics. Additionally, we prepared a vinyl chloride polymer sheet containing D-136 at a final concentration of 1% for practical use because D-136 showed high activities against both bacteria and fungi, and evaluated its antibacterial and antifungal efficiency. Furthermore, a model test for the deodorant efficiency of waterabsorbing resins containing D-136 was done on the assumption that it might be useful for disposable diapers.
MATERIALS AND METHODS

Chemicals
All chemicals used for the synthesis of 4,4'-(tetramethylenedicarbonyldiamino) bis (1-decylpyridinium bromide) (D-136) were reagent grade commercial materials and used without further purification.
Synthesis of 4,4'-(tetramethylenedicarbonyldiamino) bis (1 -decylpyridinium bromide) D-136 was prepared according to the synthetic procedure as shown in Fig. 1 . A solution of adipoyl chloride (0.1 mol) was added dropwise to 4-aminopyridine (0.2 mol) in tetrahydrofuran (400 ml). After the reaction mixture was refluxed for 4 h, it was filtered. The reactant was dissolved in water, treated with 0.5 -136 Table 1 , the data of the elemental analysis of the compound agreed with their theoretical values, and the yield of D-136 from 4-aminopyridine was 54.0% (w/ w). As a result, D-136 was seen to have the proposed structure, and the analytical data indicated sufficient yield and purity for the following investigation of antimicrobial characteristics.
Antimicrobial activity
The antimicrobial activity of D-136, the new bis-QAC, against gram-negative bacteria (7 strains), gram-positive bacteria (6 strains) and fungi (10 strains) was examined. As controls, BAC and CPC, which are commercially available mono-QAC disinfectants, were also measured. Table 2 shows their MICs against various bacteria. In that table, D-136 showed not only a strong bacteriostatic activity but also a broad and effective antibacterial activity. Especially against gram-negative bacteria, the activity of D-136 was much higher than that of BAC and CPC. In the case of regular mono-QACs such as BAC and CPC, they are more effective against gram-positive bacteria than against gram-negative bacteria (Kourai et al., 1994 and 1995; Maeda et al., 1996; Okazaki et al., 1997a Okazaki et al., , 1997b Okazaki et al., , and 1999 . It is thought that grampositive bacteria have a higher susceptibility to compounds which interact with the cell surfaces because the cell surfaces of gram-positive bacteria are more hydrophobic than those of gram-negative bacteria (Kourai et al., 1989) . However, the new bis-QAC, D-136, showed a similarly high bacteriostatic activity against both gram-negative and gram-positive bacteria, which have different hydrophobicities at the bacterial cell surface, as in the case of the bis-QACs we synthesized before (Maeda et al., 1998 (Maeda et al., , 1999a (Maeda et al., , and 1999b Okazaki et al., 1997c; Yoshida et al., 2000) . This implies that the activity of the bis-QACs including the new bis-QAC, D-136, is independent on the hydrophobicity of the bacterial cell surface. Furthermore, Table 3 shows the MICs of D-136 against fungi. Generally, most of the mono-QACs, which are very effective as bactericides, have a comparatively low antifungal activity. On the other hand, the bis-QACs we synthesized before exhibited wide antimicrobial spectra of activity against both bacteria and fungi. Because the bis-QACs, which are dimeric in structure, have two antimicrobial active sites, they have increased antimicrobial activities (Maeda et al., 1998 (Maeda et al., , 1999a (Maeda et al., , and 1999b Okazaki et al., 1997c; Yoshida et al., 2000) . Similarly, in the table, D-136 showed a wide spectrum and a high antifungal activity against fungi, compared with TBZ and BIT, which are the most popularly-used fungicides. From these results, it was apparent that D-136 exhibited a wideranging and effective antimicrobial action against both bacteria and fungi.
Antibacterial and antifungal efficiency on the vinyl chloride polymer sheet containing D-136
As D-136 showed a high activity against both bac- 
